To ensure an accurate and reasonable investigation of marine accident causes, full-scale ship collision, grounding, flooding, capsizing, and sinking simulations would be the best approach using highly advanced Modeling & Simulation (M&S) system of Fluid-Structure Interaction (FSI) analysis technique of hydrocode LS-DYNA. The objective of this paper is to present the findings from full-scale ship collision, grounding, flooding, capsizing, and sinking simulations of marine accidents, and to demonstrate the feasibility of the scientific investigation of marine accident causes and for the systematic reproduction of accident damage procedure.
Introduction
With the advent and ongoing advances in numerical simulation capabilities and its sophisticated tools, such as highly accurate dynamic nonlinear simulation hydrocode LS-DYNA [1], development of crashworthiness analysis techniques has been actively carried out using highly advanced M&S system for car design and accident cause investigation with viable, less costly alternatives as well as more reliable aids to the tests and/or experiments. Several interaction effects in the sea water should be considered contra y to the car collision and plane crash accidents due to high density (1,000 times) of sea water compared to air (1 time), such as floating, motion, inboard flooding, wave making, squeezing pressure, bank effect, etc.
To ensure an accurate and reasonable investigation of marine accident cause, such as collision, grounding, flooding, capsizing and sinking, etc., full-scale simulations would be the best approach using highly advanced Modeling & Simulation (M&S) system with Fluid-Structure Interaction (FSI) analysis technique of hydrocode LS-DYNA, including propulsion force for the real ship velocity. Fracture criteria have to be also suitably applied to the structural damage considering strain rate effect, together with careful investigation of damage information.
FSI problems could be conveniently simulated by moving the mesh algorithm and overlap capability of the grid to structure mesh using Multi-Material Arbitrary Lagrangian Eulerian (MMALE) formulation and Euler-Lagrange coupling algorithm of LS-DYNA code, as shown in Fig. 1 . This coupling algorithm would be more suitable for the FSI problems with very complicated deformable structure. Volume Of Fluid (VOF) method is adopted for solving a broad range of nonlinear free surface problems [2, 3] . The objective of this paper is to present the findings from full-scale ship collision, grounding, flooding, capsizing, and sinking simulations of marine accidents, using highly advanced M&S system with FSI analysis technique, and to demonstrate the feasibility of the scientific investigation of marine accident causes and the systematic reproduction of accident damage procedure.
Internal Damage Mechanics
1:5 scale grounding test results of NSWC [4] are usually used for the verification of F.E. simulation capability and fracture criteria, as shown in Fig. 2 . One of grounding test models, ADH/ PD328V, was simulated using rough and fine mesh models with failure strains from 0.20 to 0.35, as shown in Fig. 3 , and material properties of ASTM 569, as shown in Table 1 . It was found that failure strain 0.3 and 0.2 were suitable for the fine and rough meshes with ratio 12.5 and 25.0 of finite element size to thickness, respectively. Failure strain would be determined by ratio of finite element mesh size to its thickness in the crashworthiness analysis [5] . 
